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(54)Title: METHOD FOR CULTURING HEMATOPOIETIC STEM CELLS 



(57) Abstract 

A novel liquid culture technique for hematopoietic stem cells for which no effective culture technique has hitherto been established. A 
method for culturing hematopoietic stem cells, characterized by subjecting human hematopoietic stem cells, with the phenotype thereof 
being characterized as CD34 + and c-kit* , to liquid culturing in the presence of a hematopoietic stem cell growth factor in an adhesive 
incubator; and hematopoietic stem cells which are useful for clinical applications and studies and are propagated and harvested by the above 
method. 
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w to m 
ft « ft g* 
a g a h e 

it jfo # *b us <t id\ isMis^^tc^iiii^ 

fc#«Eltfc^ fc^*&ft®#ttlilil^*&iilLfUtt:H 
S F (colony-stimulating factor) ® t£ fC tiu 

£ j6i!iL«^JtettIK?&jfa4H::fc#£LT:fciK 
(f> C D 3 3 N CD38 N CD 1 17 (c-kit) % H L A 
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L X 0 t & &• b tl T ^ So ^^UlCioT, 
h h©3tJftl#ftliai:ibTli, 1^1^X0 0 3 4 *0 
D 3 3 "\ CD3 4 + CD3 8 _ i^$nS^®^^s Sift 
&*fflflS id ifc ^ *T -5 <D T {i l>2r> t £ tl T l> £<, 
5 £ Sifis stem cell factor ( S C F ) CD U.-fe 7 s ^ - 

"CiSCDl 17 (c-kit) ^>;l/^7-;l/tf-S#^^ 
fcffi^fcx ¥ {C 2*1" £ in vj>o||J8& K 45 ^ T> CD3 4 + 
c-kit' ow »K^ N *tt?7«Btt&ifc#!nift'C& £ 
tl T ^ £ 0 

10 »«X h Q-^|H IS in vitro* JBJfril 

^ iC *> l> T> CD 3 4 + c-kit' ow *ffl fl& £ «9 C D 3 4 + 
c-kit" IB IS ©#5^ J:t>*J8i::ifrt*nrie*efcS£©»£ 

15 ft *> tl T l> *o U L AC ifi h x # SI £ K ^ - IC *f f 

cfc ? /x m & 

BP^ $ ti¥ jfiL # JIB IB ® # M\ (i)77xl/-->xi:J; 

20 o t a B#jwis*ssjfc-f * #s&&fit®*§£© J; o 
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5 ft£ilil4£^£$IK£ft£k0T&Sfca6> K^- (donor) 

ft < x ^t^OG VHD ( graf t-versus-host disease) 
*> J§ c 0 K < ^ d t « o m & j&< *> % o 

15 HJSCejf viroitmfc©MS&0SSttrt<fc»3 tit* 0 
OhflUftm : 3"0« p 315- 320 ( 19947 ) v 

i^ia h p - -7 m m & m ^ fz % a< *n & n r o> s 
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10 &-r\ ft£*fcaf©®fr£fc*©as£: 

ft ft ft & & & JCU UiOlttll S^x^f 
KK#©teS^©Jffitt#«&TaU^&K:**UT. 
15 ai^lit^:^ ffcoglftiro^T &SE#©te£f 
feJ;»)ftnfci&«ilt/i5:i$^6, iff l^tef «i 
U T & 5£ iZ fc t) * 

*fr*fte-?te*®fci6©*tt*i!ft£ UT5tifiL^iBBa 
20 jfiL^aua^^oiaiiKiigjcioTftfi^o^^A^ife 
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m * * m (c # a ^ < „ ex *i ™j# at & © m ft & m # -e m * 
n r i> So 

ft <fc "T £ & © T £ *<> 



^ w o w ^ 

10 i£jfil#*H!&£ LT«Si*<C D 3 4 + & 

mmmi)<C D 3 4 + &tfc-kit"<t LT#|^IHtl5 h h 
20 £#^<t1-£&lfoift^li&©^il#i£Tfc 5o 
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I 1 It b h M jfjL CD 3 4 7^fV-^-; 

5 h *J8^fcftffi tr (positive 
selection) Itf^nt C D 3 4 + ^ffl M ft M £> F I 
TC^ISCD3 4^7XlIItn:^SO*PE Mftc-kit 
K i; ») - S&fe L - > ( 0 1 *K C), 7-f 

V 4 > M-i^Jfe5F I T C if i& v ^ x I 

10 gGUt;PEIl7ni gGlTII^febf:/^ 

-> (Bi^ b), scfiif^ftacFsoscfffl^r 

ffcSL (SSC) (Bl^ A) & ^1" El T£ 

« ( ^ m m i # «a ) o 

m 2 IZjS ^ T> B £ife#J 1 IC*? 1>T> FACSt 
15 ar-ey-x^y?" LfcCD34 + c-kit _ *ffl AS ( R 2 ) ^ 
C D 3 4 + c-kit'°"ilfi(R 3 ) R tf C D 3 4 + c-kit h - 8h 
(R4) ZigtiKD&izmniSIt, *B IS * 7 b - 
h±T2 4^Fl^ibfc'^ F ITCHttCD34^ 
5 X P E Mftc-kitftttT&fe U F A C 

20 S c a n*ffll>ttlt©aiSi:felt5CD 3 

c-kit£^ H^fcte'**^* HT* So Al*> 

FAC S t a r T © V - -r ^ >;/&$#iiij£>#*Hli&0C 
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D 3 4 t c-kitCD IS £ * - > £ ^ "To 

I 3 1 K ^ T N C D 3 4 + c-kit"M Jg 

5 * ( A ) (* & g& flu *f JRU (B) JiFL^jDN ( C ) it I 
L - 6 jgjiu (D)te@ffi<b#tCD3 4tJt#£JS^fcCD 
3 4 ( C D 3 4 x L : CD34 cross-linking) . 

(E ) liF L + I L-6 iJll, (F) liFL + I L-6 + 
I L - 7 (G) IJFL + I L-6 + I L-7+CD3 

10 4 x L^DDOlt^^ftl-e'tl/^to 

1 4 it, mmmi^^s^x, mmfttfm&&%% + 'v 

C D 3 4 + c-kit"i|ffllS^^^ L « K *J * c-kit#^ 

D 3 4 +c-kit-MmZ&M®Mt£mm7 U - h *Ti#ifcCD 

ST-e^#L/:^i^^to B * C J* C D 3 4 + c-kR-*ffl 
l^yD^>Ifa-yttFLf$Ttlllfcfe 

^ ^ ^ "fo 



20 



# & W K <^ T fcU ^^M!a<i:bT N iai*<C D 3 
4 + S^c-kit"i LT^I^l^nsh h&jfiL&lfflj|&£/8 
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^i:«k!)tT^9;i:^T?l5. * <Z> 8* IB K: o t W\ & 
^ ( colony-stimulating factor : CSF) 3£ \f £ tl 

5. :: ti £ i;Ju Mft tmmteir fe^m Mir z z hfr-c % 

15 C f 1 t - 3 l> if y K ( f lt-3 ligand : F L ) „ > * 
- o >f 4 y - 6 ( inter leukin-6 : I L - 6 ) I) N ^ gffl 
j&E^ (stem cell factor : SCF) irjlflrffil^l 
£ ^1" 4 y 9 - o 4 + > - 7 ( interleukin-7 : IL-7)> 
CD34^fO|| (£ITs CD34xLtl^)?4 

20 ^/7t5:<!:*<T#5o 

rCD34xLJ tit CD3 4^ttiJSi:*f 
OT*©£M±K$83iUT^5 CD 3 4#^£^*ill)-* 
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c t c j; & mm zib h d t & n*ir & tz^ z © 

rCD34xLJ IS 3£ tt * ft ft V> *<x 

HfcfcLfctfcCD8 4ffitf:j&<J8^&*i*. 
*f*tt**»£LTH\ &tt1£JlllftJft«;B0ft96<L 

fc t* *t sr © t> © -e /«£ c> m $ n # k fti ps $ n *c ^ # » 

10 ttfcifrfccD&fMis $ ft* Z t ft < -Mtizm 

Jk&$li&&^#^Sfc&{C < fc<te;8£ftTl>Sitg&, 
M i If a - M E M (a -Minimum Essential Medium) > «Y 
15 X37SI^;K y n^l (IMDM) fOl^^^fifl! 
^S^^^iLT, CftiC N jfefKfcjfeJB* jfiL » ( F B 
S ) R ft W} it V "7 Hi m ( horse serum) £ * ft ^ ft 1 0 

fti lt> 0tj x. idf f 1 t - 3 'J # > K (flt-3 ligand) 
20 1 0 0 ng/mU -f>*-o>f + >- 6 10 ng/mU -< > 
*-D>T*>-7 10 ng/ml N $ til *B <fc L fz ft C D 
3 4 ft # (1 0 g/m 1 ©glt^l/- HC B *Ht U 
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1 0 

fz h <D & if $> ft 5, 

jRlCli, 3 7 °C, 5%C0 2 TTff^Ki^Tt5o 
5 ^IgpllJliaot, ft & ft 5 Jtf*fnftM\ (,> 
ftl|CD3 4it (CD3 4 + ) ^^l^ CD117 
(&T\ c-kitio?) ^?0*aSlSA<l6tt^&S^B 
'ft (high) * -VMbb £ ft -5 t ^ 9 #38 * Wt So C ft £ 
CDM© -5 c-kit^^©HSaSSC36^l>»ft (low) 
10 ©iSfflflS (c-kit' ow *ffll&) SDEff^ill (high) CD^BS 

( c-kit h,eh i|ffl US) CH Ulis $ e> K E p o. I L - 3, 
GM-CSF, G-CSF, SCF^©#$T7, ^ Jfe $ 

P7 T y^3n--, iitl/*«|/|«/7^ 
15 0 7 7 -^l3D--«sEt5iMft^l^# 

£ W "t" £ o 

m n m 

ft £ & cd -c \t fl ^o. 
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1 1 

. mmm i 

1. at Jfl#*ffl §3 ( C D 3 4 + c-kit") CD ft M 

( i ) ttmsLVtitik 

<< y 7 * - A K n > -b > h rt< ft A: S A # 5 > 

5- f 7 ^ t)OlPf^j(ll^> ACD-A* (?i/l7*MJ 
H2. 2 O w/v%> ?x>&0. 8 0 w/v%^ 7* K * *t 
2.2 0 w/v%. p H 4. 5-5. 5 : Terumo, Shibuya 
Tokyo, Japan) ^ 6 m 1 A o /c 5 0m 1 §if a -/i; 
SJSKLfco :)fli:2%f*X h7>SI (Dextran 
10 T-500 (Pharmacia, Uppsala, Sweden) £ 2 % (w/v) CD 
aieT&SftBTkicgJBUfct)©)^ ACD-AiSi: 
5t*LT^&Jfc2:l£fcSfy^-Cg!j7jllU 11$^ 3 0 
fi-m&Wib. ± fit £JPf 3? I&L^&JfoBfc (Cord Blood 
Nuclear Cells : CBNC) AM t U T El l& U fc 0 
15 C CD # ® £ Lymphoprep (Nycomed, Oslo, Norway) K 
IIU 2 0 0 0 rprat 3 0 ^KSi>t S C <!: i: i !)f f 
]fo # $ S£ M # (Cord Blood Mononuclear Cells : CBMNC) 

H CD 8 4T*f V - h + y h ( CD34 multisort 
20 kit : Miltenyi Biotec, Bergisch Gladbach, Germany) 
SCfU7«/U (MiniHACS : Miltenyi Biotec, 
Miltenyi Biotec, Bergisch Gladbach, Germany) £ $ C"» 
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I 2 

tcd 3 4 ifc„ 

:©CD3 4 + W^F I TC ( fluorescein 
isothiocyanate) U^tiL C D 3 4 ? ? X llltfifa ( HPCA2 
:Cat. No. 348053, Becton Dickenson I mmunocy tometry 
5 Systms, San Jose, CA, USA)& P E (Phycoery thrin) 
M M in, c-kit£t fa (Cat. No. 1360, Immunotech, 
Merseile, France) ^H^tlllfefeU ^l^TF AC 
Star (Becton Dickenson I mmunocy tometry Systems, 
San Jose, CA, USA)£ J8 l> T 7 - f" 4 > ? L tz a 
10 7>fyM^I*3VM-;PHrFITC 
^^5*7 ^ X I g G 1 (Cat. No. 9041, Becton Dickenson 
Immunocy tometry Systems, San Jose, CA, USA) & t£ P 
E«vn I g G 1 (Cat. No. 9043, Becton 
Dickenson I mmunocy tometry Systems, San Jose, CA, 
15 USA) £/Bt,>fco 

±E#mifflfl&£^£>*^^-&^a-*i&j& (Methocult 
GF H4434V, Stemcell technoloies Inc. , Vancouver, 
BC, Canada) CI ® ® L T> % <D 0 . 8ml-3o£12? 
20 x;l/^b— h (Cat. No. 76-063-05, Flow Laboratories 
Inc., McLean, USA) K » « U "C\ 3 7^ 5 % C O 2<D 
V C O «>f > * a * - (Tabai, Japan) «fi:t* 
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1 3 

* £ ft ft i tZc 1 4 H&KfflftEftttTK *>(,<» T3P- 
- £ flJ JSU R & frfll! U BFU-E (Burst-forming unit- 
erythroid) N CFU-GM ( Colony-forming unit- 
granulocyte/macrophage) > C F U -M (Colony-forming 
5 unit-macrophage) S[FCFU-GEMM (Colony- 
forming un it -granulocyte/erythro id/me gakaryocyte/ 
macrophage) 3& £ ^ tti L fco 

**»H4|ilff4K 31 i* ¥ ^ (Mean) ± & 2p M H 
( S E ) t b X * 26 fc 0 
10 ( 2 ) fcSfH 

* £ El 1 fc ^ -f o 
i 1 t A li, fch$f^jflLfr& N CD34?;l/f V-F 

tlfZ, CD34 t ife^I©FSC (Hf^tfeSL) -SSC 
15 (H3Erfta) - >*w1". Ctl^t>> blast gate 

(Rl) ^ ^ 1 1 fc i | O F I 

© B & C id ^"to ^ftftiCte. 0 1 H lis FITC 
#i$ffiCD 3 4 ^XlIISiflefttfPE fll 1$ fit c-k.itffi # 

20 n^D-^T^SFITCilT^IgGlSD!? 
Efl7^7l gGlTIlft6Ufc»**^t. 
0 1 © C «r\ R2 V R3SCFR4IUnf^CD34 + 
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1 4 

c-kit". C D 3 4 + c-kit' 0W 2fc£>*C D 3 4 *c-kit hlf *£7 

c d 3 4 m^mm ( c d 3 4 © 9 •£> pesi 

v^xi gGl*JB^fc*#?w:/lBJ6a>«*fcSftJKJ:9 

5 t>3te^icffi^«*»jK**-rH^* rc-kit^tt@^ j 

(CD 3 4 + c-kit^I) <b U * iff- 4 :/*ffllia©£ft3ft 
ffi«tO^L»^lf^* rc-kit35»ttJ ( C D 3 4 + 
c-kit ,ow #® ) iU * fcc-kit*<* *> 3ft ^aSS****" 
I~c-kit3ft R§&®# J (CD34 t c-kit h "^B) 

io Hts *n*ny- h&jsufco 

iiStli^lfcFACS t a r^ffi^T^ ± IE T 18! £ 

^iii:ta:S$*l/:F A C S c a n ( Bee ton Dickinson 
I mmunocytometry Systems: SanJose, CA, USA) ffi ^ X 
15 ?f j$?#r U fc#£;£s CD3 4*c-kit"^I> CD3 4 + 

c-kit 1 ow #li R It C D 3 4 + c-kit h 1 « h #in;: t,> T v " 18! 

Mmv ommifi&btix^&z twmmztitio 
20 ftffiZ'n^izo i fc^i-„ 
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1 5 

< m i > 



5 



m m. 






B F U-E 


CFU-GM+CFU-M 




CD 3 4 + c-kit" 


3. 5±1. 1 


14. 0±1. 5 


0. 0±0. 0 


C D 3 4 *c-kit' '* 


10. 1 ±2. 0 


2 1 . 5 ± 1 . 0 


0. 7±0. 2 


CD 3 4 + c-kif ,lt '' 


12. 0± 1. 0 


34. 6±2. 5 


1. 1±0. 2 


m i cfc v. c 


-kittaii © US 




If 13 if 3 P — - 



J&ig t> K ^ Z £ fr* $ ft fc 0 c-kitfltlBf ©3&^*<Jfc 

15 nv&Zftm, it *) C D 3 4 + c-kit-#in* 3 D--Jg 

2. atifa^^sao^^ 

( i ) *r»i 

20 ?# £ ft fz C D 3 4 + c-kit"# lu C D 3 4 + c-kit ' ow # 
IStfC D 3 4 + c-kit hi ' h #®£ ^ft -efts 1 0 96 Ml ^ 
fMfc F B S (Stemcell Technology Inc., Vancouver, BC, 
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Canada) StflOK&^iMbtfTjfiLf&CHoS: Stem 
cell Technology Inc., Vancouver, BC, Canada) £ S if 
a -M E M (Gibco, Grand Island, NY, USA) K {& ?I U 
£tt© 2 4 ^ x ^l/T 9 V - h (Cat. No. 76-063-05, 
5 Flow Laboratories Inc., McLean, USA) $H II L tz 0 

Cat. No. MS-8024R, Sumitomo Bankelite Co. , Ltd. , Tokyo, 
Japan) £ tz i* X ? 'J t y^ff** >J !f 1/ > 

10 S! 1 . 7m I f a-y ( GENE twist top vial ; Cat. No. 
1441, Yashima Purechemicals Co. , Ltd. , Osaka, Japan) 

K b®m btz 0 

:tib©yi/ - hs^f a-r^^n?n3 7^ 5 

HCOi0fc#TTN C 0 z4 > * * K- ? - (Tabai, 
15 Japan) ^ C T ^ t L tz a 

X. t h F L (recombinant human flt-3 ligand, rhFL : 
Cat. No. 80-3692-01, Genzyme, Cambrige, HA, USA) ^ 
!EL&X.t h I L - 6 (recombinant human I L - 6 , rhIL-6: 
20 Cat. No. 1131567, Boehlinger Mannheim Biomedica, 
Germany) £ tz (i B. & X. h h I L - 7 (recombinant 
human I L - 7 , rhIL-7 : Cat. No. Fl- 1587-1, Genzyme, 
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Cambrige, MA, USA ) « CD 1r <i h ft << > % % ^ fc 0 

SCD3 4^?X IMfitflc (Cat. No. 550018, Becton 
Dickinson I mmunocy tometry Systems, SanJose, CA, 
USA) £ 1 0 ib g/m 1 OlJtittSJ:^ i:PBS(-)T? 
5 ft !R U 2 4-)x;l/^l/ - hi: 3 0 0 ^ lo'o||Lfc 0 
37°C-C60^^^> + ^<-hL^ life ^ 

a-MEM (1 0 % F B S + 1 0%HoS^^^) 
£ «n L T. 37tT30dlBI^Oy + >^Lfc, 

fc^TN PBS(0. 196FBS-&W)*?#tfx;l/£ 
10 3®&i£LTtn;CD 3 4tjLfo%mm<tLtztgm%-?U- 

H*ia»u #&nfcacD 3 40t#H*B'fb^i/-h± 

T'CD34|^14^liS^^i|-t-^C<tiCcJ:^T. CD34 
HtllliSi:^ltCD3 4 x L & |f tt o fco 

15 x^i/^b-hctOHURL. -SB£5S£yf-;Hr;l/a-7, 
igiife (Methocult GF H4434V, Stemcell technoloies- 
Inc., Vancouver, BC, Canada) IZ M M I t> 0. 8ml 
o'oH 2^x;^l/ - h (Cat. No. 76-063-05, Flow 
Laboratories Inc., McLean, USA) i:|®lt 3 7 X, 

20 5 %CO 2 0&#"C\ COiO + a^-^ - (Tabai, 

Japan) * K T £ £ fir ft o fc, 1 4 HtCiil^iT 
ICfe^T3P--*«jra»Cf«-j|LT^ BFU-E, CF 
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U-GMU CFU-MS^CFU-GEMMS^fUfco 

&nm\t 4 m^fti <^ ^m^^^ (Mean) i^ipmn 

(SE) tllfco 

£/cg|i?©ilfflJ?ai*,F I T C M ft C D 3 4 ? 5 X 1 1 1 
5 Jfitt&tfP E ^IKEc-kitE^T^fe U C D 3 4 l/t^S. 
^c-kittaiO^ill^ F A C S c a n Tit L> ¥ J£j & 
^fe i$ (Mean fluorescense intesity) & tfc tti 51 CD + 
> * ;U "C^ t> L tz 0 

( 2 ) mm 

10 fStlf;CD3 4 + c-kit"ii^S(R2) , C D 3 4 + 
c-kit ,ow ^fi&^li (R3) Si;CD34 + c-kit h i8h *ffl fl& 
#® ( R 4 ) £^ «-MEM (1 0XFBS + 10«H 

15 #IiR2 N R 3 R R 4 CD 013 ^tlftlF I TCI 
C D 3 4HXlIIj5ifrSc;PE m ffi c-kitffift: £ 
JI^TifefeU FACScan^l^TCD34 t SSfSi; 

<€• cd & n £ m 2 i:/7t. 

4) CD^BijCDffclS (02f A). 2 4 
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